Three types of laryngeal mask airway (LMA) are commercially available and include the standard laryngeal mask airway (sLMA), flexible laryngeal mask airway (fLMA), and intubating laryngeal mask airway (iLMA). The three types of LMA are a similar shape and are comprised of almost identical materials apart from the tubing. Differences in tubing construction between the three types of LMA result in differences in physical characteristics. In the present study, the oropharyngeal leak pressure and fiberoptic bronchoscopy score of the three types of LMA was investigated in 20 patients. Patients were fitted with each type of LMA alternately in random order. The position of the LMA was observed using the following fiberoptic scoring system: 4, only vocal cords visible; 3, vocal cords plus posterior epiglottis visible; 2, vocal cords plus anterior epiglottis visible; 1, vocal cords not seen. Oropharyngeal leak pressure was measured in two body positions: the frontal position, with the face pointed forward and tilted upward, and the tilted position, with the head turned 45 degrees to the right. In both body positions, the number of patients with the highest fiberoptic score of 4 was significantly greater for the iLMA than for the sLMA or fLMA (p < 0.05). The oropharyngeal leak pressure was significantly higher for the iLMA than for the sLMA or fLMA (p < 0.05). The alterations in oropharyngeal leak pressure were smaller after changing body position for the iLMA than for the sLMA or fLMA. There was no significant correlation between fiberoptic score and oropharyngeal leak pressure for any LMA, except for the fLMA in the frontal position (p < 0.05). The differences in oropharyngeal leak pressure and fiberoptic score between the three types of LMA investigated in the present study result from the properties of the LMA tube as the other mask characteristics are similar. The material and shape of the LMA tubing should be carefully considered to maximize oropharyngeal leak pressure.
Introduction
When a laryngeal mask airway (LMA) is fitted to a patient it is important to ensure adequate airway sealing of the LMA against the surrounding tissue. Air tightness is deter-Department o f Anesthesiology, Showa University, School of Medicine, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142-8555, Japan.
Reika UTAHASHI mined by measuring oropharyngeal leak pressure during positive pressure ventilation . An oropharyngeal leak pressure of less than 10 cm H2O makes it difficult to perform appropriate artificial ventilation and increases the risk of regurgitation). Airway sealing pressure is greatly influenced by positioning and recent studies have shown that oropharyngeal leak pressure varies according to LMA size 2.3) and intracuff pressure a) .
Various types of LMA are available other than the standard LMA (sLMA) developed by Brain et a15). The flexible LMA (fLMA) is used for oral surgery and has a tube with a spiral metal wire indwelled in the tube wall. The intubating LMA (iLMA) is used for patients in whom tracheal intubation is difficult. The iLMA has an epiglottis elevating bar instead of a slit at the center of the mask. The three types of LMA are a similar shape and are comprised of almost identical materials apart from the tubing. The silicone tube of the sLMA allows external forces to be absorbed. By comparison, the tube of the iLMA is comprised of a more rigid construction of silicone-covered metal such that external forces directly influence positioning. The tubing of the fLMA is highly flexible due to the spiral metal wire indwelled in the silicon tube wall and the small diameter of the tubing, which is smaller than the tubing used for the sLMA and iLMA. Keller and Brimacombe 6) reported a higher sealing pressure for the iLMA than for the sLMA and hypothesize that the sealing pressure influences positioning and sealing. There are no reports investigating positioning and airway sealing of the three types of LMA. The aim of the present study was to examine the characteristics of LMA tubing on fiberoptic positioning and airway sealing pressure. After positioning each LMA, artificial ventilation was continued for 3 minutes , then a fiberoptic bronchoscope (external diameter : 5 mm) was inserted through the tube to a level 5 mm past the slit or epiglottis elevating bar. The position of the fiberoptic bronchoscope was determined using the following scoring system : 4, only vocal cords visible ; 3 , vocal cords plus posterior epiglottis visible ; 2, vocal cords plus anterior epiglottis visible ; 1, vocal cords not seen). The oropharyngeal leak pressure was determined by closing the expiratory valve of the circle system at a fixed gas flow of 3 L l min and measuring the airway pressure at which the dial on the aneroid manometer reached equilibrium5).
Methods
For each patient, the fiberoptic score and oropharyngeal leak pressure of each LMA was determined in random order for both body positions : with the face pointed forward and head tilted upward (frontal position) and with the head turned 45 degrees to the right Table 1 . Back grounds of all subject cases (tilted position). Each LMA was removed immediately after obtaining the above data and replaced with an untested LMA for continuation of measurements as described above. In cases when the iLMA was the final tested LMA, it was replaced with the sLMA to avoid damage by sustaining the iLMA 8) .
Statistical comparisons of oropharyngeal leak pressure were performed using one-way analysis of variance (ANOVA) and Turkey-Kramer HSD. The chi-square test was used to compare the fiberoptic scores for the three-groups and for correlations between fiberoptic scores and oropharyngeal leak pressure. AP value less than 0.05 was considered statistically significant.
Results
In all subject cases (Table 1) , each LMA was smoothly inserted on the first or second attempt and adequate ventilation was assessed by observing chest expansion and ausculation of the chest during positive pressure ventilation. There were no symptoms of hypoxemia or hypercapnia during the surgery. Although 7 of the 20 patients complained of a slight sore throat 24 hours after surgery, no patient had sustained soreness after 72 hours.
Scores
The score distribution for each type of LMA is shown in Fig. 1 . In both body positions, the number of patients with the highest score of 4 was significantly higher for the iLMA (50 % of the patients in the tilted position and 40 % in the frontal position) than for the sLMA or fLMA (p < 0.05). By comparison, the likelihood of the lowest score of 1 was highest for the fLMA, regardless of body position. Adequate artificial ventilation was performed for all patients, including those with a score of 1. There was no significant difference in score between the two body positions for all three types of LMA. The total number of patients with a score of 3 and 4 was the same, regardless of body position, for all LMAs : 11 patients for the iLMA, 5 for the sLMA, and 3 for the fLMA.
Oropharvn)eal leak pressure Table 2 summarizes the oropharyngeal leak pressure measurements for all three LMA types in both body positions. The oropharyngeal leak pressure was significantly higher for the iLMA than for the sLMA or fLMA in both body positions (p<0.05).
The average oropharyngeal leak pressure was 2.2 cm H2O higher in the tilted position than in the frontal position for the sLMA, but this difference was not significant. The average oropharyngeal leak pressure for the iLMA and fLMA in both body positions was comparable. In both body positions, the number of patients with the highest score of 4 was significantly higher for the fLMA than for the sLMA or fLMA (p<0.05). position and the tilted position (D OLP) with the sLMA was positive in 11 patients, remained unchanged in 4 patients, and was negative in 5 patients. The average LX OLP for the sLMA was + 2.2 cm H2O, which was the largest among the three types of LMA. The •¢ OLP for the fLMA was positive in 8 patients, remained unchanged in 2 patients, and was negative in 10 patients ; the average •¢ OLP was + 0.3 cm H2O. For the fLMA, the L OLP was positive in 5 patients, remained unchanged in 5 patients, and was negative in 10 patients ; the average Ls OLP was -0.4 cm H2O. The change in oropharyngeal leak pressure with body position was smaller for the fLMA than for the sLMA or fLMA, but this difference was not significant.
Correlation between fiberoptic score and oropharyngeal leak pressure (Table 3) There was no significant correlation between fiberoptic score and oropharyngeal leak pressure for the three types of LMA, except for the fLMA in the frontal position. For the fLMA, the lowest score of 1 was recorded for 50 % of patients in the frontal position and 40% of patients in the tilted position. In contrast, for the iLMA the highest score of 4 was recorded for approximately 50% of patients in both body positions. These results suggest that proper positioning is more difficult for the fLMA than for the iLMA, Since the oropharyngeal leak pressure and fiberoptic scores were higher for the iLMA than for the sLMA and fLMA, it is reasonable to assume that the higher the fiberoptic score (the better the LMA positioning), the greater the oropharyngeal leak pressure. Nevertheless, correlation between oropharyngeal leak pressure and fiberoptic scores were studied with respect to three types of LMA in each body position. For the three types of LMA, there was no significant correlation between fiberoptic position and oropharyngeal leak pressure, except for the fLMA in the face up position. The above findings suggest that a factor or factors, other than LMA positioning and mask, has an effect on oropharyngeal leak Although the LMA consists of two components, namely a mask and a tube, the focus of the majority of LMA research has been on masks. Many studies have investigated improvements in LMA material or shape of the mask, appropriate mask size, cuff volume, and injury caused by contact with the mask. Likewise, numerous studies have examined airway sealing pressure in relation to LMA positioning, LMA size, and cuff volume. By A Comparison of Three Types of LMA comparison, there have been no studies investigating the physical characteristics of the LMA tubes in relation to these issues. For safe use of an LMA it is essential to maximize airway sealing pressure. The present study shows that the iLMA, consisting of a siliconcovered metal tube, provides the highest oropharyngeal leak pressure. This suggests that an optimal level of sealing pressure will be obtained using an LMA tube made of a rigid material. The disadvantage of this approach is that sustained use of the iLMA is known to be invasive to the surrounding tissues and cause damage K) . We recommend that LMA tubes only be made of rigid material when used as a conduit for tracheal intubation.
This study investigated three types of LMA in which materials and shapes of the mask are almost identical, except for differences in the physical characteristics of the tubes. We found that the differences in oropharyngeal leak pressure and fiberoptic score between the three types of LMA are related to tube characteristics.
This study provides evidence that the LMA tube is an important factor in determining the airtightness of the LMA against surrounding tissue.
